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In  an  earlier  publication  (Hall  and  Whipple  (4)),  the  noticeable 
clinical similarity between intestinal  obstruction and systemic x-ray 
intoxication  has  been  pointed  out.  We  have  recorded  elsewhere 
(10,  11)  an interesting  transient  disturbance of renal function in the 
intoxication  due  to  intestinal  obstruction  and  in  certain  proteose 
intoxications.  This disturbance of renal function is considerable and 
plays an important part in certain of the clinical reactions (intestinal 
obstructions).  We believe this is the first instance  of a  well estab- 
lished  functional  depression  of  renal  secretory function  totally un- 
associated with any abnormalities of renal structure.  Because of this 
peculiar  disturbance  of renal  function  in  certain  proteose intoxica- 
tions, we took up a study of renal function in systemic x-ray intoxica- 
tion with the keenest interest.  We may say at once that our experi- 
ments  show  a  totally  different  picture,  with  the  renal  function 
uninvolved  in  the  toxic disturbance  of general  x-ray  intoxication. 
There is a minimal disturbance of renal function by the direct action of 
very large  doses  of  the  hard  x-rays  but no  anatomical evidence of 
cell injury.  We feel confident that the clinicianmay use thex-rays over 
the kidney areas with confidence that renal tissue is resistant  to the 
hard  Roentgen  rays:  Our  experiments  indicate  that  the  kidney 
epithelium is much more resistant to x-ray injury than is the epithe- 
lium of the small intestine. 
Inspection of the literature shows that work has been done to determine possible 
injury of the kidney by the x-rays.  However, most of the reports deal with the 
morphological changes produced or consist of clinical observations made by use 
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of the older,  less reliable  means  of determining  thepresence  of functional  dis- 
turbances.  Warthin  (18)  noted pathological changes in  the kidneys of several 
leucemia  patients  who had  received  x-ray  treatment  before  death  and  reports 
finding definite changes in the tubular epithelium following prolonged percutaneous 
irradiation of the kidneys of white mice and rats.  Rosenstern  (13),  Linser and 
Helber (9),  Sehleip and Hildebrand (15), yon Jaksch (6), Heymann (5), P~ibram 
and Rotky  (12),  and  others likewise  claim  to have found evidence of an x-ray 
nephritis.  It has been thought by many that  the inability  of injured  kidneys 
to do their work efficiently must be considered as an essential factor in the con- 
stitutional x-ray reaction.  While Edsall and Pemberton  (3)  considered the pri- 
mary intoxication to be quite independent of any direct effect of the x-rays upon 
the kidneys, they suggest that the kidneys may become overtaxed by the increased 
work  thrown upon them  to such  an  extent  that  their  failure  may secondarily 
intensify the symptoms of intoxication. 
There are many workers, however, who have failed to find any definite clinical 
or postmortem evidence of an x-ray nephritis.  Among those who have reported 
negative findings may be mentioned  Krause  and  Ziegler  (8)  and  Buschke and 
Schmidt  (2).  The latter  workers incised  the  abdominal wall  and  exposed  the 
kidneys of a  number of rats directly to large doses of the x-rays.  The animals 
died a few weeks later, two of them only showing albumin in the urine and patho- 
logical changes in the structure  of the kidneys at autopsy.  Since in these two 
cases the changes might well have been due to some complication following the 
operations,  these workers concluded that  the renal  epithelium  is very resistant 
to the x-rays and that consequently there is no such thing as an x-ray nephritis. 
Warthin,  whose work is more recent and freer from complications, admits  that 
the anatomical changes were so slight in his experimental animals that they might 
be overlooked unless special histological technique is employed.  Krause  (7)  in 
300 cases finds no albumin or leucocytes in the urine after radiation.  Stephan 
(16)  in a  small series  of cases claims to cure anuria and produce a diuresis in 24 
hours by means  of ~  to ~  of an  erythema  dose over  the  kidneys.  This  brief 
reference to the work previously done on the subject suffices to show the decided 
lack of agreement  among those who have given any attention  to it.  There is 
obvious need for a thorough functional study of the problem with employment of 
the comparatively accurate methods now available for measuring the functional 
activity  of the kidneys under  conditions of carefully controlled x-ray adminis- 
tration. 
Method. 
Normal  adult dogs were used exclusively in all of the experiments. 
The animals were selected after being under observation for a  period 
of several days during which  time  the functional  tests  to be used  in 
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recorded in  this  preliminary  examination  on  each  dog  serve as  a 
standard  with  which  to  compare  results  obtained  in  subsequent 
experiments.  At the end of this fore period the animal was exposed 
to  a  carefully measured dose of x-rays,  following which  the renal 
function was determined daily for a period of a week or more. 
The hard Roentgen rays of the Coolidge tube were used exclusively, 
the softer rays being filtered out with 2 mm. aluminum falters.  In a 
very few cases only did we have leakage with slight tendency to pig- 
mentation  and  denudation  of  the  skin.  All  exposures  were per- 
cutaneous  and  the  distance  from  the  target  (anticathode)  to  the 
surface  of the animal's  body  measured  in  all  cases  25  cm.  The 
ammeter was made to read at approximately 8 milliamperes in most 
of the experiments, although currents as high as 10 milliamperes and 
as low as  5  milliamperes were employed in  a  few instances.  Our 
•  work confirms the observation of Hall and Whipple (4)  that in dogs 
the toxicity of the hard rays increases with the increase in spark-gap. 
Our experience has shown that a 9 inch spark-gap is a convenient one 
for producing  the  desired  experimental intoxication  and  that  this 
required an ~. M. •.  of about 90 kilovolts.  With a  few  exceptions, 
this voltage was employed. 
In a  part  of the experiments moderate sized sublethal  doses  of 
x-rays were given at intervals over a  considerable period of time, a 
short rest on a  mixed diet being given between exposures.  In the 
remainder, huge and frequently fatal doses were given singly or in 
succession.  It  was  considered  that  between  these  extremes  no 
impairment of function, whether prompt or delayed in its appearance, 
could escape detection.  In order to understand the nature or the 
mechanism of any disturbance which might be  observed,  different 
regions of the body were exposed separately in the various experiments. 
For a period of 1 to 3 days preceding and 5 to 6  days subsequent 
to  the radiation,  the dogs were given only water.  During resting 
intervals,  the dogs  received  the  usual  kennel mixed  diet  of  table 
scraps, cooked meat, bread, rice, bones, and so forth. 
The methods chosen for the measurement of the renal function 
were those employed by us in studies on the renal function in intestinal 
obstruction  (10);  namely,  the  phenolsulfonephthalein elimination 
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crete urea.  The former method was carried out according to the 
procedure outlined by its  authors,  the Duboscq colorimeter b~n___g 
used for the determination of the dye.  For the latter we made a 
daily determination of the blood urea in all experiments and deter- 
mined in many cases the ratio 
Urea in 1 kr.'s urine 
Urea per 100 cc. of blood 
after the intravenous injection of comparatively  large amounts of urea 
in saline solution.  A decrease in this ratio indicates a definite im- 
pairment of kidney function as shown by Addis and Watanabe (I). 
The tests were made after the exposure to the x-rays exactly as in 
the  fore period  except that  in  cases  of extreme intoxication with 
resulting  loss of fluid from the body, more fluid was given intravenously 
in order that the loss might be made up as far as possible.  The urea 
of both the blood and the urine was determined by the Van Slyke- 
CuUen modification of the Marshall urease method (17).  Morphine 
sulfate (i  to ,1 gr.  doses) was administered subcutaneously 1 hour 
before the animal was placed upon the x-ray table to insure quiet 
during the period of exposure. 
EXPEI~  rME~TAL DATA. 
The experimental data assembled below consist of three types of 
experiments.  The first includes a group of observations on several 
different animals in which sublethal  doses of x-rays  were given at 
intervals over relatively long periods of time.  In these experiments, 
the thorax and the abdomen, including the kidneys, were alternately 
exposed.  The purpose of this series was to ascertain whether or not 
repeated x-ray treatment over a  long period of time is capable of 
producing any gradual changes in the renal function.  Many have 
feared the possibility of cumulative action resulting in permanent 
damage to the kidneys. 
Dog 19--85 (Tables I  and I1).  Autopsy Record.--Dog sacrificed under ether 
anesthesia 4 days after the last radiation, Apt. 5.  The kidneys  in gross are quite 
normal.  Bladder  normal. Histological sections show normal stroma, ves~ls, 
and glomeruli. There  are no scars.  Convoluted tubules are normal IRVINE  MCQUARRIE  AND  G.  H. WHIPPLE 
TABLE  I. 
Large Sublethal Doses of X-Rays Given over Abdomen and Thorax. 
Renal Function  Unimpaired. 
Dog 19-85.  Adult  female  spitz. 
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Date. 
Nov. 30 
Nov. 30 
Dec.  1 
"  3 
"  5 
"  6 
u  7 
Dec.  16 
Dec.  17 
"  18 
"  19 
"  20 
"  21 
Dec.  31 
~an.  1 
"  2 
¢c  3 
"  .5 
"  6 
Weight.  Blood urea 
per 100 cc. 
Ibs.  rag. 
24.9  23 
Phthalein 
elimination 
in 2 hrs. 
I~cT cent 
75 
Remarks. 
Normal. 
190  milliampere minutes,  x-rays  over  abdomen and  kidneys;  90  kilo- 
volts; 10 milliamperes. 
24.7 
24.2 
23.7 
23.2 
22.7 
22 
36 
34 
36 
40 
71 
74 
54 
55 
63 
Normal. 
Slight diarrhea. 
No diarrhea.  Normal. 
Normal. 
220  milliampere minutes, x-rays  over thorax and neck; 90 kilovolts; 10 
milliamperes. 
24.3 
23.9 
23.1 
23.0 
22.9 
32 
30 
42 
31 
30 
62 
69 
57 
52 
67 
Normal. 
Normal, 
350  milliampere  minutes, x-rays over abdomen  and  back; 90  kilovolts; 
8 milliamperes. 
22.6 
22.0 
21.8 
21.2 
20.8 
20.4 
m, 
22 
20 
23 
30 
28 
67 
67 
71 
63 
67 
63 
Normal. 
Normal. 
Feb.  4  300  milliampere  minutes, x-rays  over abdomen and  back; 95  kilovolts; 
8 milliamperes. 
Feb.  8 
cc  9 
"  10 
"  11 
"  12 
23.0 
23.0 
22.6 
22.4 
22.2 
34 
30 
28 
24 
25 
63 
63 
66 
64 
63 
Normal, 
Mixed  diet  in  intervals  between  experiments;  no  food  for  5  days  following 
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It will be seen from Tables I  to IV that the experiments of this 
group are a unit in showing that the excretory  function of the kidneys, 
as measured by their ability to eliminate a foreign substance such as 
phenolsulfonephthalein  or  the  normal  urinary  constituent, urea, 
is not disturbed by this procedure.  It is evident that with the doses 
given there is no sign of any cumulative effect  being produced, whether 
the thorax or abdomen or both be exposed. 
TABLE  II. 
Large Sublethal Doses of X-Rays Given over Abdomen and Thorax. 
Renal Function  Unimpaired. 
Dog 19-85.  Adult  female  spitz. 
Date. 
Dec.  21 
Mar.  4 
~¢~ar. 
~  8 
"  9 
Apr.  1 
Apr.  4 
"  5 
Hr. 
9.00-10.00 
10.00-12.00 
Urea 
in- 
jected, 
gm. 
2O 
Urea  I Bloo 
per  hr__  100_~¢ 
gm.  [  mg. 
30 
3.59  262 
Phtha- 
lein 
Ratio.  elimi- 
nation I 
in 2  hrs--[ 
t 
13.71  67  [ 
Remarks. 
Normal. 
350 milliampere minutes, x-rays over thorax; 95 kilovolts;  5 milliamperes. 
28  -- 
27 
270  14.0 
63  Normal. 
Normal. 
9.00-11.00 
10.00-12.00  E  20  3.78 
350  milliampere  minutes, x-rays over abdomen;  105  kilovolts;  5  milliam- 
peres. 
12.00-2.00  --  [  --  [  39  [  --  [  65  [  Moderatelntoxicafion. 
3.00-5.00  20  3.42  278  12.3  Same condition. 
The second type of experiment is represented by the observations 
made on Dogs 19-127 and 19-140  (Tables V to VIII)inwhich  alethal 
dose of the x-rays was given over the abdomen with the kidneys and 
the remainder  of the body protected from the direct rays by the leaden 
sheets.  This type of experiment was designed  to demonstrate  whether 
or not a poisonous substance capable of injuring the kidneys is pro- 
duced in the irradiated gastrointestinal tract and carried by the blood 
stream to the kidneys.  Reference to the tables shows that the func- 
tion  of  the  kidneys  remains  entirely  normal  after  the  exposure, IRVINE  MCQUARRIE AND  G.  H. WItIPPLE 
TABLE  III. 
Repeated  Sublethal  Doses  of X-Rays  over  Thorax  and  Abdomen. 
Renal  Function  Unchanged. 
Dog 19-78.  Adult female Airedale.  (Autopsy, see Table XV.) 
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Date.  Weight.  Blood urea  Phthalein  elimination  Remarks. 
per 100 ce.  in 2 hrs. 
lbs.  rag.  per cent 
NOV. 23  28.5  30  68  Normal. 
Nov. 25  190  milllam ~ere minutes, x-rays  over  thorax  and  neck;  85  kilovolts; 
5 milliam ~eres. 
Nov. 26 
"  27 
"  28 
"  29 
"  30 
Dec.  1 
"  2 
"  5 
"  10 
28.1 
27.5 
27.4 
27.1 
26.5 
26.4 
26.4 
26.0 
27.5 
18 
22 
20 
33 
28 
23 
2O 
63 
57 
60 
58 
58 
60 
68 
60 
62 
Normal 
No food since exposure. 
Mixed diet. 
Dec.  10  190  milllam 3ere minutes,  x-rays  over abdomen and back;  90 kilovolts; 
5 milllam ~eres. 
Dec.  11 
"  12 
"  13 
"  14 
"  15 
"  16 
Dec. 27 
Dec. 28 
"  29 
"  30 
"  31 
Jan.  1 
27.5 
27.0 
26.2 
26.0 
25.7 
24.9 
40 
40 
40 
41 
36 
22 
59 
59 
54 
59 
54 
59 
Normal. 
240 mill/ampere minutes, x-rays over thorax; 90 kilovolts; 5 milliamperes. 
26.6 
26.5 
26.3 
23.5 
25.0 
36 
47 
50 
43 
33 
64 
64 
62 
63 
59 
Normal. 
Dog not fed for day or two before exposure and for 5 days after each radiation. 
although the dose of x-rays produced profound intoxication  and death. 
The evidence against any indirect action of the x-rays upon the kidney 
function or upon the structure of the kidney is very clear-cut.  The 
blood urea showed a  definite increase in both cases, but this was due 232  RENAL  FUNCTION  IN ROENTGEN  P,.AY INTOXICATION 
to accelerated tissue destruction rather than to retention, as is shown 
by the fact that the urea ratio (Tables VI and VIII) remained normal 
TABLE  IV. 
Repeated  Increasing  Doses  of X-Rays  over  Thorax and Abdomen. 
Renal  Function  Undisturbed. 
Dog 19-50.  Young  adult  female.  (Autopsy,  see Table XVI.) 
Date.  Weight.  Blood urea  Phthalein elimina-  Remafl~. 
per I00 ce.  tion in 2 hrs. 
Ibs.  rag.  per cent 
Dec.  5  30.40  28  74 
Dec.  5  210 milliampere minutes, x-rays  over thorax; 90  kilovolts;  10 milli- 
amperes. 
Dec.  6 
~c  7 
~  8 
"  9 
"  10 
"  12 
"  14 
"  15 
29.50 
29.30 
28.20 
27.00 
26.40 
26.50 
26.50 
27.10 
22 
31 
31 
34 
34 
28 
33 
72 
66 
63 
55 
63 
7O 
Normal. 
Dec. 16  210 milliampere minutes, x-rays over  abdomen  and  back;  90  kilo- 
volts; 10 milliamperes. 
Dec. 17  27.15  37  56  Normal. 
"  18  27.00  31  68  i 
"  19  26.70  34  65 
"  20  25.40  30  63  -- 
Dec. 31  350 milliampere minutes, x-rays over thorax;  90  kilovolts; 7.5 milli- 
amperes. 
Jan.  1 
"  2 
~c  3 
~c  4 
~c  5 
"  6 
26.70 
26.50 
26.00 
25.50 
25.40 
25.30 
25.00 
28 
26 
22 
24 
20 
21 
72 
67 
61 
61 
63 
66 
63 
Nortzal. 
even when additional urea was injected intravenously.  The results 
indicate  the  absence of any hypothetical nephrotoxic substance in 
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TABLE  V. 
Lethal Dose of X-Rays over Abdomen with Kidneys Shielded. 
Renal  Function  Unchanged. 
Dog 19-127.  Adult male mongrel. 
Phthalein 
Date.  Weight.  Blood urea  elimination  Remarks. 
per 100 cc.  in 2 hrs. 
lbs.  rag.  per cent 
June  9  28.4  32  74 
"  10  28.3  30  72  Normal. 
June 10  504  mUliampere  minutes,  x-rays  over  abdomen,  kidneys  completely 
shielded; 90 kilovolts; 8 milliamperes. 
June 11 
"  12 
"  13 
"  14 
"/:15 
27.8 
26.3 
26.1 
25.5 
27 
35 
44 
46 
53 
76 
67 
68 
66 
59 
Nornlal. 
Quiet. 
Dull and weak. 
Intoxication increasing. 
Grave  intoxication  and  col- 
lapse.  Death  in  night. 
TABLE  VI. 
Lethal Dose of X-Rays over Abdomen  with Kidneys Shielded. 
Renal  Function  Unchanged. 
Dog 19-127.  Adult male mongrel. 
Date. 
June  9 
Hr. 
8.50- 9.50 
10.00-11.00 
11.00-12.00 
Urea 
in- 
jected. 
gm. 
20 
Urea 
ex- 
creted 
per hr. 
gm, 
0.16( 
2.38: 
1.85( 
Bloc. 
ure9 
per  Ratio. 
t00 c 
~g. 
32  5.0 
240  " 9.9 
201  9.2 
Phth 
lein 
elim 
natic 
in2h 
peg c¢ 
74 
Remarks. 
Normal. 
June 10  504  milliampere minutes,  x-rays over  abdomen, kidneys  shidded;  90 kilo- 
volts; 8 milliamperes. 
June 14  8.45- 9.45  --  0.1441  46  3.1  -- 
10.00-11.00  20  2.215  237  9.3  66  Severe intoxication. 
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TABLE  VII. 
Lethal  Dose of X-Rays over Abdomen  with Kidneys Shielded. 
Renal  Function  Unchanged. 
Dog 19-140.  Young  adult  female  collie. 
Phthalein 
Date.  Weight.  Blood urea  elimination  Remarks. 
per 160 c¢.  in 2 hrs. 
lbs.  rag.  per cen$ 
July  7  21.7  34  70 
"  8  20.5  32  72  Normal. 
July  8  450  milliampere  minutes,  x-rays  over  abdomen,  kidneys  shielded;  90 
kilovolts;  8  milliamperes. 
July~  9  19.7  30  70  Normal. 
"  10  19.3  34  63  Dull and weak. 
"  11  19.0  43  63  Severe  intoxication;  bloody 
diarrhea; death in night. 
TABLE  VIII. 
Lethal  Dose of X-Rays over Abdomen with Kidneys Shielded. 
Renal Function  Unchanged. 
Dog 19-140.  Young  adult  female collie. 
Date. 
July  8 
July  8 
July  11 
Hr. 
7.55-  8.55 
9.00-10.00 
10.00-I 1.00 
Urea 
in- 
jected. 
gm. 
20 
Urea 
ex- 
creted 
per hr. 
g~, 
0.16C 
3.028 
2.353 
Blood 
urea 
per 
100 cc. 
mg. 
32 
244 
.219 
Ratio. 
5.0 
12.4 
10.7 
Phtha- 
lein 
elimi- 
nation 
in 2 hrs. 
~er cen~ 
72 
Remarks. 
w 
Normal. 
450  milliampere  minutes, x-rays over  abdomen, kidneys  shielded; 90  kilo- 
volts; 8 milliamperes. 
8.30- 9.30 
10.00-11.00 
11.00-12.00 
--  0.206]  43 
20  2.744  240 
2.366  213 
4.8 
11.4 
11.1 
~8  Ty~cal  ~u. 
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difference between this type of intoxication  and that of acute intestinal 
obstruction in which  a  transient impairment  of  kidney function is 
constantly found. 
TABLE  IX. 
Large  Doses  of X-Rays Directly  over Kidneys  with Abdomen  Shielded. 
Kidney Function Slightly Impaired. 
Dog 19-117.  Adult female setter. 
Phthalein 
Date.  Weight.  Blood urea  elimination  Remarks. 
per 100 ee.  in 2 hrs. 
lbs.  rag.  per cent 
July 28  38.8  32  67  Normal. 
July 28  456 milliampere minutes, x-rays directly over kidneys, other parts shielded; 
90 kilovolts; 8 milliamperes. 
July 29 
"  30 
"  31 
Aug.  1 
~  2 
~c  3 
"  4 
~c  5 
"  6 
"  10 
"  11 
38.8 
38.4 
38.0 
37.6 
37.4 
37.8 
37.4 
37.0 
36.4 
36.5 
30 
29 
27 
28 
24 
26 
33 
33 
33 
68 
66 
66 
63 
63 
48 
32 
39 
49 
56 
Normal. 
Bread and milk diet. 
Dog a little sick. 
Normal. 
Aug. 12  512  milliampere  minutes,  x-rays  over  both  kidneys  with  other  parts 
shielded 90 kilovolts ; 8 millhmperes. 
Aug. 13 
"  14 
"  15 
"  16 
"  17 
"  18 
"  19 
"  20 
"  21 
36.3  26 
36.2  30 
36.0  30 
36.1 
36.2  32 
36.0  38 
36.0 
35.2  32 
35.0 
59 
55 
56 
48 
45 
42 
58 
Dog fed; good condition. 
Small amount of vomitus. 
l~oderate diarrhea. 
Clinical improvement. 
Normal. 
Dog 19-127  (Tables  V  and  VI).  Autopsy Record.--Dog died in night of 4th 
day after exposure to a lethal dose of x-rays given over abdomen with shielding 
of the kidneys.  Autopsy next morning.  Kidneys and bladder normal in gross. 
Histological sections show  some postmortem changes in the  epithelium of  the 236  REIqAL ]~U~CTI01~  IN ROENTGEN RAY INTOXICATION 
convoluted  tubules.  The  stroma  and  glomeruli  are  normal.  There  are  no 
scars.  The vessels are filled with blood. 
The third type of experiment is represented by the series of obser- 
vations on Dogs 19-117, 19-129, and 18-115 (Tables IX to XIV). 
TABLE  X. 
Large Dose of X-Rays Directly over K~neys ~tk Abdomen Skidded. 
Kidney Function Sligktly Impaired. 
Dog 19-117.  Adult female setter. 
Date 
July  14 
Hr. 
12.50-1.50 
2.00-3.00 
3.00-4.00 
Urea  Urea  Blood 
e]T  o  uTes, 
in-  cretefl  per 
jected,  per hr.  I00 cc. 
gin.  gin.  rag. 
--  0.170  30 
20  1.799  158 
1.323  142 
Ratio. 
5.6 
11.4 
9.3 
Phtha- 
lein 
elJmi-  Remarks. 
ila  flop 
in 2 hrs. 
per cent 
74  Normal. 
July 15  456  milliampere  minutes, x-rays  over thorax and neck; 90 kilovolts; 8 m~'l- 
liamperes. 
July 18  8.45- 9.45  --  0.160  27  5.9  --  I  -- 
10.00-11.00  20  1.826  159  11,5  67  I Normal. 
11.00-12.00  1.357  144  9.4 
July 28  456  milliampere minutes,  x-rays  over  kidneys,  other  parts  shielded;  90 
kilovolts; 8 milliamperes. 
Aug. 11  2.50-3.50  --  0.160]  33  4.8  -- 
4.00-5.00  20  1.505  173  8.7  56  o_t clinlcally sick. 
5.00-6.00  1.182  163  7.3  .  N 
Aug. 12  512  milliampere minutes,  x-rays  over  kidneys,  other  parts  shielded;  90 
kilovolts; 8 milliamperes. 
Aug. 18  1.45-2.45  --  0.174  t  38  4.5  -- 
3.00-4.00  20  1.342  179  7.4  45  DUlLvomltu.s.Small amount 
4.00-5.00  1.316  167  7.8  -- 
In these the kidneys were exposed to huge doses of the x-rays directly 
while the remainder  of the abdomen and the thorax were completely 
shielded.  Large doses were repeatedly given in the case of the first 
animal  while  large  single  doses  only were  given in  the  other  cases. IRVINE MCQUARRIE AND  G.  It.  WHIPPLE 
TABLE  XI. 
Large Dose of X-Rays over Kidneys with Abdomen Shielded. 
Kidney Function Slightly Impaired. 
Dog 19-129.  Adult male mongrel. 
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Date• 
Aug.  6 
"  7 
Aug.  8 
Aug. 10 
"  12 
"  14 
Aug. 19 
Aug. 19 
"  22 
"  24 
"  26 
"  28 
Weight. 
lbs. 
67.9 
67.4 
Blood urea 
per I00 cc. 
mg. 
29 
28 
Phthalein 
elimination 
in 2 hrs. 
~ef ce~t 
66 
67 
Remarks. 
Normal. 
512 milliampere minutes, x-rays over thorax; 90 kilovolts; 8 milliamperes. 
66.7  26 
65.0  29 
64.8  25 
66 
63 
64 
Normal. 
Mixed diet. 
512  milliampere minutes, x-rays  directly over kidneys, with  other parts 
shielded; 90 kilovolts; 8 milliamperes. 
63.0 
61.7 
59.7 
59.3 
59.0 
29 
38 
46 
44 
32 
67 
53 
44 
54 
58 
Normal. 
Slightly dull. 
Little vomitus. 
Slightly d~. 
Normal. 
TABLE  XlI. 
Large Dose of X-Rays over Kidneys with Abdomen Skielded. 
Kidney Function Slightly Impaired. 
Dog 19-129.  Adult male mongrel. 
Date.  Hr. 
Aug. 19  8.40-  9.40 
10.00-11.00 
11.00-12.00 
Urea 
injected. 
gm. 
20 
Urea 
excrete( 
per hr. 
gra. 
0.142 
1.368 
1 083 
Blood 
urea per 
100 cc. 
mg. 
29 
143 
129 
]Phthalelnl 
•  ellmina- I 
Ratio.  tion  [  Remarks. 
I 
in 2  hrs--[ 
4.9  --  I  -- 
9.5  66  I  Control. 
I 
8.41  -I  - 
Aug. 19  512  milliampere  minutes, x-rays over kidneys with  abdomen  shielded; 90 
kilovolts; 8 milliamperes. 
Aug. 26  --  --  1--124  47  --  -- 
1.00-2.00  20  161  6• 9  47  Slightly dull 
2.00-3.00  I 0.933  150  6.2 238  RENAL  FUNCTION  IN  ROENTGEN  RAY  INTOXICATION 
Dog  19-129  showed  no  signs  of  intoxication,  whereas  No.  19-117 
showed  a  slight reaction and  No.  18-115  was markedly  intoxicated. 
It is probable  that  in the  case of No.  18-115  a  small portion  of the 
intestine was included in the area of exposure.  It is to be noted that 
the doses given over the kidneys  in  this  group  of  experiments  were 
at least 25 per cent greater than the lethal dose over the abdomen. 
TABLE  XIII. 
Large Dose of X-Rays over Kidneys with Abdomen Shielded. 
Kidney Function Sligktly Impaired. 
Dog 18-115.  Adult  female  bulldog. 
Phthalein 
Date.  Weight.  Blood urea  elimination  Remarks. 
per 100 ec.  in 2 hrs. 
I 
lbs.  rag.  ]  per cent 
Aug. 23  21.5  30  ]  68  Normal. 
"  24  20.2  27  66  " 
Aug. 27  512  mmlampere  minutes,  x-rays  over  kidneys withremainder  of body 
shielded; 90 kilovolts; 8 milliamperes. 
Aug. 28 
"  29 
"  30 
"  31 
Sept.  1 
"  2 
19.4 
19.2 
19.0 
18.3 
17.9 
32 
31 
33 
52 
43 
62 
54 
58 
58 
4O 
Normal. 
Normal. 
Slightly dull. 
Quiet; vomitus and tarry stools. 
Tarry stools and vomitus. 
Sept.  3  300 milliampere minutes, x-rays over abdomen alone; 90 kilovolts; 8 milli- 
amperes. 
Sept.  4  17.2  36  53  Vomits food; tarry stools. 
"  5  16.7  44  46  Weak and dull. 
"  8  --  --  --  Found dead in cage. 
Dog 19-117 (Tables IX and X).  Autopsy  Record.--Dog  sacrificed under ether 
Aug. 24 and autopsy done at once.  Kidneys and bladder normal in gross.  His- 
tological sections  show  normal  glomeruli, vessels,  and  stroma.  There  are  no 
scars.  Convoluted tubules show normal epithelium.  There are a few pale hyaline 
casts in the collecting tubules of the pyramids. 
Dog 19-129 (Tables XI and XII).  Autopsy Record.--Dog  sacrificed with ether 
anesthesia Aug.  29  and autopsy done at once.  Kidneys show definite chronic 
nephritis with a large cyst in the left kidney.  There is a chronic granular cystitis. 
Histological sections show a marked cellular pyelitls in both kidneys.  There are IRVINE  McQUARRLE  AND  G. I-I.  WHIPPLE  239 
a  few  cellular scars in the cortex and some large fibrous scars  (arteriosclerotic) 
involving a  considerable area of the cortex and showing tubular and glomerular 
destruction.  There is no evidence of  acute nephritis.  Outside  the  scar areas, 
the  glomeruli and  tubules appear  to  be  quite normal.  This  picture  is  often 
found in the kidneys of old dogs and cannot in any way be related to the  x-ray 
exposures.  This abnormal kidney seems to be no  more susceptible to  radiation 
than the normal kidney. 
Dog 18-115 (Tables XIII and XIV).  Autopsy Record.--Dog found dead in 
cage Sept.  8 and autopsy done at once.  Kidneys are normal in gross.  Histo- 
logical sections show normal glomeruli and vessels.  There are a few cellular scars 
in cortex.  The convoluted tubules show a slight postmortem change, but other- 
wise the tubules are normal. 
TABLE  XIV. 
Large Dose of X-Rays over Kidneys witk Abdomen Shielded. 
Kidney Function Slightly Impaired. 
Dog 18-115.  Adult female bulldog. 
Date. 
Aug. 24 
Aug. 27 
Sept.  1 
Hr. 
2.30-3.30 
4.00-5.00 
5.00-6.00 
Urea 
in- 
.'eted. 
g~z:. 
20 
Urea 
ex- 
creted 
per hr. 
grd.. 
0.15, 
2.56~ 
1.994 
Blooq 
urea  Ratio. 
per 
[00 c 
~tg. 
27  5.6 
197  13.1 
181  11.0 
Phth 
lein 
elimJ 
natio 
in 2h: 
66  Control. 
Remarks. 
312  milliampere  minutes,  x-rays  over  kidneys  with  remainder  of  body 
shielded; 90 kilovolts; 8 milliamperes. 
1.30-2.30 
3.00-4.00 
--  0.203  52 
20  2.014  217 
1.683  179 
3.9 
9.2  40 
9.4 
Dog  is  weak.  Tarry 
stools and vomitus. 
4.00-5.00 
Tables IX to XIV inclusive, in which the data of these experiments 
are recorded, show that the direct exposure of the kidneys to massive 
doses of the x-rays gives rise to a moderate but definite depression of 
the kidney function.  In Tables XV and XVI are shown the results 
of two experiments differing slightly from the foregoing in that the 
kidneys and the intestines were together exposed to large doses of 
x-rays,  the thorax only being protected.  A definite decrease in the 
2 hour output of phenolsulfonephthalein and a  corresponding drop 
in the urea ratio indicate a moderate impairment of renal function. 240  RENAL  FUNCTION  IN  ROENTGEN  RAY  INTOXICATION 
Dog 19-78. 
TABLE  XV. 
Lethal Dose of X-Rays over Kidneys and Abdomen. 
Renal  Function  Moderately  Impaired. 
Adult  female  Airedale. 
Date.  Hr. 
Dec.  7  Ist 
2nd 
3rd 
Jrea 
in- 
.~ct  ed. 
gftg. 
20 
Urea 
ex- 
creted 
per hr. 
gfn, 
1.82~ 
1.594 
Blood 
urea 
per 
L00 cc. 
mg. 
24 
152 
131 
Ratio. 
_! 
12.0 
12.1  I 
Phtha- 
lein 
elimi- 
nation 
in 2 hrs. 
per cent 
69 
.Remarks. 
Control. 
Mar. 18  350 milliampere minutes,  x-rays  over abdomen and kidneys;  95  kilovolts; 
8  milliamperes. 
Mar. 20 
"  21 
Mar. 22  1st 
2nd 
3rd 
2O  1.8c 
1.4~ 
32 
45 
69 
258 
239 
7.2 
6.0 
55 
4O 
38 
Slightly dull. 
Intoxication progressing. 
Marked  intoxication; 
diarrhea. 
bloody 
Dog killed under ether at  end of observation. 
TABLE  XVI. 
Lethal Dose of X-Rays over Kidneys and Abdomen. 
Renal  Function  Slightly  Impaired. 
Dog 19-50.  Young  adult  female. 
Date.  Hr. 
Feb. 10  1st 
2nd 
3rd 
UreR 
in- 
jected. 
20 
Urea 
ex- 
creted 
per hr. 
gm. 
0.24G 
1.983 
1.529 
Blood 
urea 
er 
1~ ec. 
~g. 
29 
180 
156 
Ra~o. 
4.8 
11.0 
9.8 
Phtha- 
lein 
elimi- 
nation 
in 2 hrs. 
percent 
66 
Remarks. 
Control. 
Feb. 11  340  milliampere  minutes, over abdomen  and  kidneys; 95 kilovolts; 8 milli- 
amperes. 
Feb. 13  1st  I  78  4.2 
m  __  __  42  --  56  Dull;  vomitus and diarrhea. 
Feb. 14  --  0.328 
2nd  I  20  2.145  280  17.65] 
[  3rd  ]  --  11.543]  249  16.191 
Frequent diarrhea and vomiting. IRVINE MCQUAILRIE  AND  G. H. WHIPPLE  241 
From the results of the experiments outlined above we assume that 
the direct action of the x-rays upon the kidneys is responsible for 
this depression of activity. 
Dog 19-78 (Tables III and XV).  Autopsy Record.--Dog killed under ether at 
end of experiment given in Table XV.  Autopsy done at once but only the renal 
findings given here.  Kidneys are normal in gross.  Histological sections show 
normal glomeruli, vessels, and stroma.  There are no scars.  Convoluted tubules 
are normal.  The epithelium of the loops of Henle shows a  frothy looking proto- 
plasm but this picture is seen in control dogs. 
Dog 19-50  (Tables IV and XVI).  Autopsy Record.--Dog  killed under  ether 
anesthesia at end of last experiment (Table XVI)  and autopsy at once.  ~)nly 
the renal findings are given here.  Kidneys and bladder normal in gross.  His- 
tological sections show  normal glomeruli and  vessels.  There  are  a  few  small 
cellular scars in the cortex.  Tubules are normal. 
Reference to the autopsy findings in the various dogs used in the 
experiments shows  that no constant anatomical change is  seen  in 
the kidneys which would serve to distinguish them from a series of 
normal control kidneys chosen at random.  We did not use the re- 
fined histological technique recommended by Warthin,  but we are 
inclined to believe that much of the histological evidence submitted 
in favor of x-ray injury of the kidney is due to kidney abnormalities 
present  before the  x-ray  exposures.  Such  abnormalities  would  be 
revealed by a careful study of suitable controls. 
SUMMARY. 
Our  experiments give no  support  to  the  current belief that  an 
x-ray nephritis may be produced by direct or indirect action of the 
hard Roentgen rays. 
Moderate doses of x-rays given repeatedly over considerable periods 
of time have no demonstrable influence on renal function or renal 
structure. 
With x-ray exposures of the abdomen and shielding of the kidneys 
fatal intoxication may be produced without the slightest disturbance 
of kidney function as mcasured by the ability of the kidney to elimi- 
nate phenolphthalein and urea. 
Large doses of the x-rays given directly over the kidney may cause 
a  slight but  distinct lowering of renal  function which lasts  for a 242  RENAL  PIYNCTION  IN ROENTGEN  RAY INTOXICATION 
period of a few days.  We have been unable to  recognize  any  corre- 
sponding histological change. 
We feel that the usual therapeutic doses of the x-rays can be given 
over  the  kidneys  without  apprehension.  The  renal  tissue  is  much 
more resistant to x-rays than is the epithelium of the small intestine. 
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